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BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a light-emitting diode 
(hereinafter also referred to as "LED") lamp capable of 
preventing failure in electrical connection between a 
light-emitting element and a metal pattern of an electrically 
conducting portion. Particularly, it relates to an LED lamp 
using a resin frame member such as a lamp house. 

Incidentally, in this specification, an LED chip per se 
is referred to as "light-emitting element" . An LED chip packed 
in a package resin or an LED chip including an optical device 
such as a lens system is collectively referred to as 
"light-emitting diode lamp" or "LED lamp". 
2, Description of the Related Art 

[Patent Document 1] JP-A-8-330637 

A surface-mounting type light-emitting diode according 
to the related art has the following disadvantages. Because 
ametal pattern (electrically conducting portion) ona substrate 
is nipped by a seal mold when a resin sealing portion is formed, 
there is a possibility that the metal pattern may crack. There 
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is also a possibility that the metal pattern and the resin sealing 
portion may be separated from each other because of a difference 
in thermal expansion coefficient between the metal pattern and 
the resin sealing portion in a high temperature process in a 
solder reflow furnace or the like. Therefore, in an invention 
disclosed in Patent Document 1, a resist is put between the 
metal pattern on the substrate and the resin sealing portion. 
The resist is flexible and acts as a cushioning medium. 
Accordingly, the flexible resist is deformed to absorb pressure 
of the seal mold to thereby prevent the metal pattern from 
cracking. In addition, stress caused by the difference in 
thermal expansion coefficient between the metal pattern and 
the resin sealing portion in the high temperature process is 
absorbed to the resist to thereby prevent the metal, pattern 
and the resin. sealing portion from being separated from each 
other . 

A surface of the metal pattern is generally plated with 
gold because gold is excellent in solder wettability and 
corrosion protection. The gold-plated surface is however poor 
in adhesion because it is not rough but smooth . For this reason, 
even in accordance with the invention disclosed in Patent 
Document 1, there is a possibility that the separation cannot 
be prevented sufficiently. Such a case will be described with 
reference to Figs. 5A and 5B. Fig. 5A is a vertical sectional 
view showing a vertical section of an end portion of a related- art 
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LED lamp having a lamp house provided in the periphery of a 
light-emitting element. Fig. 5B is a vertical sectional view 
showing a vertical section of an end portion of a related-art 
LED lamp having a resist layer provided between a lamp house 
and a metal pattern. Incidentally, the light-emitting element 
is not shown in each of Figs. 5A and 5B but is mounted in a 
central portion of the LED lamp on the left side of each of 
Figs. 5A and- SB. - - - 

As shown in Fig. 5A, in the LED lamp 20, a metal pattern 
composed of three layers of copper 14, nickel 15 and gold 1.6 
is formed on a glass epoxy substrate 2 by plating. The reason 
why the metal pattern is composed of three layers is as follows . 
Copper 14 is good in adhesion to the glass epoxy substrate 2. 
Gold 16 is good in solder wettability and excellent in corrosion 
protection as described above. It is therefore preferable that 
gold 16 is provided as an outer surface of the metal pattern. 
Adhesion between copper 14 and gold 16 is however poor. 
Therefore, nickel 15 excellent in adhesion both to copper 14 
and to gold 16 is put between copper 14 and gold 16. 

A lamp house 8 made of a white resin is bonded onto the 
metal pattern by an adhesive agent 7. The lamp house 8 has 
a taper surface 8a which will serve as a reflecting mirror when 
the taper surface 8a encircles the light-emitting element . The 
light-emitting element not shown is then mounted on the surface 
(gold) 16 of the metal pattern in the central portion of the 
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lamp house 8. After the light-emitting element and the metal 
pattern are electrically connected to eachother by wirebonding, 
a transparent epoxy resin 9 is packed in the frame of the lamp 
house 8 andhardenedby heating. As a result, the light-emitting 
element is sealed with the resin. In this manner, the LED lamp 
20 is produced. 

If the LED lamp 20 is then exposed to a high temperature 
process in a solder dip or reflow furnace. or the like, the metal 
pattern (14, 15, 16) and the resin portion (7, 8, 9) are however 
separated from each other because of stress caused by a 
difference in thermal expansion coefficient between the metal 
pattern and the resin portion. If the separation comes to the 
central portion of the LED lamp 20, a product defective in 
electrical connection/lighting is produced because wires of 
the light-emitting element sealed with the transparent epoxy 
resin 9 are separated from the surface (gold) 16 of the metal 
pattern. Therefore, as shown in Fig. 5B, it may be conceived 
that a resist 3 is put between the metal pattern and the resin 
portion in the same manner as in the technique described in 
Patent Document 1 so that the resist 3 serves as a cushioning 
medium. Also in this case, the problem in separation caused 
by thermal stress still remains unsolved because the surface 
of the metal pattern is made of gold 16 smooth but poor in adhesion 
and because the resist 3 is made of an epoxy resin. 
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SUMMARY OF THE INVENTION 
An object of the invention is to provide a highly reliable 
LED lamp in which a copper-resist bonding portion having a 
surface having a large number of fine irregularities and 
excellent in adhesion is provided so that separation can be 
prevented from being caused by thermal stress even in a high 
temperature process, and a method for manufacturing the LED 

la.iup . - • . 

According to the invention, there is provided an LED lamp 
having: a substrate coated with a metal pattern formed as an 
electrically conducting portion including films of copper (Cu) ,. 
nickel (Ni) and gold (Au) laminated successively on the 
substrate; a resin frame member fixed onto the substrate through 
an adhesive agent; a light-emitting element fixed into a frame 
of the resin frame member on the substrate so as to be electrically 
connected to the metal pattern; a resist bonded onto a 
nickel-free or gold-free surface of the copper film of the metal 
pattern to form such a structure that the resist is at least 
partially put between the substrate and the resin frame member; 
and a light-transmissive resin packed in the frame of the resin 
frame member to seal the light-emitting element with the 
light-transmissive resin. 

The reason why the metal pattern as the electrically 
conducting portion of the light-emitting element is provided 
as a three-layer structure having films of copper, nickel and 
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gold laminated successively has been described above. The 
copper film is rather excellent in terms of a bonding surface 
because the copper film can have a surface having a large number 
of fine irregularities, that is, the copper film can have a 
large contact area . Therefore, in accordance with the invention, 
a portion of the metal pattern onto which the resin frame portion 
will be bonded is provided as a nickel-free or gold-free copper 
surface (i.e., a surface of only copper) so that - the resist-, 
can be bonded onto the copper surface. In order to bond the 
resist onto the copper surface, the nickel and gold films in 
the resist bonding portion may be removed from the metal pattern 
of the three-layer structure, or the resist may be bonded to 
the copper film in a stage where only the copper film is formed 
on the substrate before the nickel and gold films are laminated. 
Then, the resin frame member is bonded to the substrate through 
an adhesive agent so that the resist is at least partially put 
between the substrate and the resin frame member. The 
light-transmissive resin is packed in the frame of the resin 
frame member and hardened by heating so that the light-emitting 
element electrically connected to the metal pattern is sealed 
with the light-transmissive resin. 

Even in the case where the LED lamp configured thus is 
exposed to a high temperature process in a solder dip or reflow 
furnace or the like, separation can be prevented from being 
generated from any place because the resist is bonded to the 
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copper surface excellent in adhesion to prevent separation due 
to stress causedby a difference in thermal expansion coefficient 
and further because the resist relaxes thermal stress applied 
to the light-transmissive resin or the resin frame member brought 
into contact with the resist through the adhesive agent. 
Accordingly, failure in electrical connection/lighting of the 
light-emitting element can be prevented. 

In this manner, by provision of the copper-resist bonding 
portion having a surface having a large number of fine 
irregularities and excellent in adhesion, separation can be 
prevented from being caused by thermal stress even in a high 
temperature process. Accordingly, a highly reliable LED lamp 
can be produced. 

According to the invention, there is also provided a method 
for manufacturing an LED lamp, having the steps of: coating 
a substrate with a copper film which is provided as a lowermost 
layer of a metal pattern electrically connected to a 
light-emitting element; bonding a resist onto the copper film 
so that the resist encircles the circumference of a position 
where the light-emitting element will be mounted; forming a 
nickel film on the copper film and further forming a gold film 
on the nickel film to thereby complete the metal pattern; bonding 
a resin frame member onto the substrate through a layer of an 
adhesive agent so that the resist is at least partially put 
between the substrate and the resin frame member while the resin 
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frame member encircles the circumference of the position where 
the light-emitting element will be mounted; mounting the 
light-emitting element on the metal pattern while electrically 
connecting the light-emitting element to the metal pattern; 
and packing a light-transmissive resin in a frame of the resin 
frame member to seal the light-emitting element with the 
light-transmissive resin. 

• As described above, there is not used such a -manner that 
a metal pattern of a three-layer structure is once formed and 
then nickel and gold films are removed to reveal a surface of 
a copper film. That is, a resist having a predetermined shape 
is first bonded to a predetermined position in a stage where 
only the copper film is formed. Then, nickel and gold films 
are formed on a portion of the copper film where the resist 
is not bonded. In this manner, a metal pattern of a three-layer 
structure is formed. Accordingly, a time-consuming process 
for removing the nickel and gold films is dispensed with, so 
that the resist can be easily bonded onto the copper surface 
excellent in adhesion. 

In this manner, the copper-resist bonding portion having 
a surface having a large number of fine irregularities and 
excellent in adhesion can be provided easily, so that separation 
can be prevented from being caused by thermal stress even in 
a high temperature process . Accordingly, there can be provided 
a method for easily manufacturing a highly reliable LED lamp. 
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BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a vertical sectional view showing a vertical 
section of an endportion of an LED lamp according to an embodiment 
of the invention; 

Fig. 2 is a plan view showing an overall configuration 
of the LED lamp according to the embodiment of the invention; 

Fig. 3 is -a vertical sectional view showing vertical 
section of an end portion of the LED lamp according to another 
embodiment of the invention; 

Fig. 4 is a plan view showing an overall configuration 
of the LED lamp according to another embodiment of the invention; 
and 

Fig. 5A is a vertical sectional view showing a vertical 
section of an end portion of an LED lamp having a lamp house 
provided in the periphery of a light-emitting element according 
to the related art, and Fig. 5B is a vertical sectional view 
showing a vertical section of an end portion of an LED lamp 
having a resist layer provided between a lamp house and a metal 
pattern according to the related art. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
An LED lamp according to an embodiment of the invention 
will be described below with reference to Figs. 1 and 2. Fig. 
1 is a vertical sectional view showing a vertical section of 



9 



04- -4-1 3 5 1 : 08PM ; NGBRfffl 



McGINN & GIBB 



10355613954 



# 4/ 5 



an end portion of the LED lamp according to the embodiment of 
.the invention. Fig. 2 is a plan view showing an overall 
configuration of the LED lamp according to the embodiment of 
trie invention. 

Fig. 2 shows, in the LED lamp 1 according to the embodiment, 
a lamp house 8 is mounted as a resin frame member substantially 
equal in outer size to a glass epoxy substrate (hereinafter 
simply referred to as ^substrate") 2 provided as a substrate. 
The lamp house 8 is made of a white nylon resin. A through-hole 
including a circular taper surface 8a is provided in the center 
of the lamp house 8 . The taper surface 8a serves as a reflecting 
mirror by which light radiated sideways from a light-emitting 
element 11 is reflected upward* An inner edge of a resist 3 
held between the lamp house 8 and the substrate 2 is visible 
from the edge of the through-hole of the lamp house 8. Metal 
pattern parts 10a and 10b each composed of three layers of copper, 
nickel and gold are formed on the inside of the resist 3 so 
as to be brought into close contact with the substrate 2, 

The blue light-emitting element 11 is fixed onto an end 
portion of the metal pattempart 10a corresponding to the center 
of the through-hole of the lamp house 8 while two electrodes 
of the light-emitting element 11 face upward. The two 
electrodes are wire-bonded to the metal pattern parts 10a and 
10b by gold wires 12a and 12b respectively. A transparent epoxy 
resin 9 as a light-transmissive resin is packed in the 
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through-hole of the lamp house 8 and hardened by heating, so 
that the blue light-emitting element 11 is sealed with the resin 
9. 

An internal structure of the LED lamp 1 having the 
aforementioned appearance and a method for manufacturing the 
LED lamp 1 according to the embodiment will be described with 
reference to Fig. 1. As shown in Fig. 1, a copper film 4 in 
a metal pattern is formed on the substrate 2 by means of plating-. 
The copper layer 4 is formed continuously up to the lowermost 
layer of each of the metal pattern parts 10a and 10b. In the 
related art, a nickel film 5 and a gold film 6 are successively 
formed on the copper film 4. In the embodiment,, a resist 3 
is however bonded onto surfaces of the copper film 4 and the 
substrate 2 so that the resist 3 is shaped like a ring viewed 
from the whole of the LED lamp 1 . 

Then, a portion of the copper film 4 (inclusive of the 
metal pattern parts 10a and 10b) where the resist 3 is not bonded 
is plated with nickel and then plated with gold to thereby form 
a nickel film 5 and a gold film 6. By adopting such a 
manufacturing method, a process of removing the nickel and gold 
films 5 and 6 is dispensed with, so that the resist 3 can be 
bonded onto the surface of the copper film 4 easily. Next, 
an adhesive agent 7 is applied onto a bottom of the lamp house 
8 so that the lamp house 8 is bonded onto the substrate 2 through 
the adhesive agent 7. In this manner, as shown in Fig. 1, the 
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lamp house 8 is bonded onto the resist 3 and the metal pattern 
(4, 5, 6) crosswise through the adhesive agent 7. 

Fig. 2 shows, after the blue light-emitting element 11 
is mounted and wire-bonded onto the metal pattern part 10a, 
a transparent epoxy resin 9 is packed in a frame of the lamp 
house 8 and hardened by heating, so that the light-emitting 
element 11 is sealed with the resin 9, In this manner , production 
of the LED lamp 1 is completed. 

Even in the case where the LED lamp 1 having such an internal 
structure according to the embodiment is exposed to a high 
temperature process in a solder dip or reflow furnace or the 
like, the resist 3 can be prevented from being separated due 
to stress causedby a difference in thermal expansion coef f icient 
because the resist 3 is bonded on the surface of the copper 
film 4 having a large number of fine irregularities sufficient 
to ensure a large contact area and excellent in adhesion. In 
addition, separation can be prevented from being generated from 
any place because the resist 3 relaxes thermal stress applied 
onto the transparent epoxy resin 9 or the lamp house 8 brought 
into contact with the resist 3 through the adhesive agent 7. 
Accordingly, failure in electrical conduction/ lighting of the 
blue light-emitting element 11 can be prevented. 

In this manner, in the LED lamp 1 according to the 
embodiment, because the copper 4-resist 3 bonding portion having 
a surface having a large of fine irregularities and excellent 
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in adhesion is provided, separation can be prevented from being 
generated due to thermal stress even in a high temperature 
process. Accordingly, a highly reliable LED lamp without any 
failure in electrical conduction/lighting can be produced. 

Although the embodiment has been described on the case 
where ablue light-emitting element 11 usedas the light-emitting 
element is mounted and wire-bonded with its electrodes facing 
- upward, the invention may be applied to the- case where a 
light- emit ting element with an emission color such as red, green, 
amber, or the like, is used as the light-emitting element, or 
electrical connection of a flip chip structure is used while 
electrodes of the light-emitting element face downward. It 
is also possible to wholly put the resist 3 between the substrate 
2 and the resin frame member 3 as shown in Figs. 3 and 4. 

Although the embodiment has been described on the. case 
where a transparent epoxy resin is usedas the light-transmissive 
resin, any other transparent resin such as a transparent silicone 
resin may be used as long as the transparent resin is excellent 
in fluidity before thermal hardening and in transparency after 
thermal hardening and has a thermal expansion coefficient not 
largely different from that of the transparent epoxy resin. 

In order to carry out the invention, other parts concerning 
the LED lamp per se, that is, the configuration, shape, quantity, 
material, size, connection relation, etc. of the LED lamp are 
not limited to the embodiment, and other processes used in the 
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method for manufacturing the LED lamp are not limited to the 
embodiment, either . 

As described above, according to the invention, there 
is provided an LED lamp having: a substrate coated with a metal 
pattern formed as an electrically conducting portion including 
films of copper (Cu) , nickel (Ni) and gold (Au) laminated 
successively on the substrate; a resin frame member fixed onto 
the substrate through an adhesive agent; a light- emitting 
element fixed into a frame of the resin frame member on the 
substrate so as to be electrically connected to the metal 
pattern; a resist bonded onto a nickel- free or gold- free surface 
of the copper film of the metal pattern to form such a structure 
that the resist is at least partially put between the substrate 
and the resin f ramemember; and a light-transmissive resinpacked 
in the frame of the resin frame member to seal the light-emitting 
element with the light-transmissive resin. 

As described above, a .portion of the metal pattern on 
which the resin frame member will be bonded is provided as a 
nickel-free or gold-free copper surface (i.e., a surface of 
only copper) so that the resist can be bonded onto the copper 
surface. The resin frame member is then bonded onto the 
substrate through an adhesive agent so that the resist is at 
least partially held between the substrate and the resin frame 
member. The light-transmissive resin is packed in the frame 
of the resin frame member and hardened by heating, so that the 
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light-emitting element electrically connected to the metal 
pattern is sealed with the light-transmissive resin. 

Even in the case where the LED lamp configured thus is 
exposed to a high temperature process in a solder dip or ref low 
furnace or the like, separation can be prevented from being 
generated from any place because the resist is bonded to the 
copper surface excellent in adhesion to prevent separation due 
to stress causedby a difference in thermal expansion coefficient 
and further because the resist relaxes thermal stress applied 
onto the light-transmissive resin or the resin frame member 
brought into contact with the resist through the adhesive agent . 
Accordingly, failure in electrical connection/lighting of the 
light-emitting element can be prevented. 

In this manner, by provision of the copper-resist bonding 
portion having a surface having a large number of fine 
irregularities and excellent in adhesion, separation can be 
prevented from being caused by thermal stress even in a high 
temperature process, so that a highly reliable LED lamp can 
be produced. 

According to the invention, there is also provided a method 
for manufacturing an LED lamp, having the steps of: coating 
a substrate with a copper film which is provided as a lowermost 
layer of a metal pattern electrically connected to a 
light-emitting element; bonding a resist onto the copper film 
so that the resist encircles the circumference of a position 
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where the light-emitting element will be mounted; forming a 
nickel film on the copper film and further forming a gold film 
on the nickel film to thereby complete the metal pattern; bonding 
a resin frame member onto the substrate through a layer of an 
adhesive agent so that the resist is at least partially put 
between the substrate and the resin frame member while the resin 
frame member encircles the circumference of the position where 
the light-emitting' element will be mounted; mounting the 
light-emitting element on the metal pattern while electrically 
connecting the light-emitting element to the metal pattern; 
and packing a light-transmissive resin in a frame of the resin 
frame member to seal the light-emitting element with the 
light-transmissive resin. 

As described above, there is not used such a manner that 
a metal pattern of a three-layer structure is once formed and 
then nickel and gold films are removed to reveal a surface of 
a copper film. That is, a resist having a predetermined shape 
is first bonded to a predetermined position in a stage where 
only the copper film is formed. Then, nickel and gold films 
are formed on a portion of the copper film where the resist 
is not bonded. In this manner, a metal pattern of a three-layer 
structure is formed. Accordingly, a time-consuming process 
for removing the nickel and gold films is dispensed with, so 
that the resist can be easily bonded onto the copper surface 
excellent in adhesion. 
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In this manner, the copper-resist bonding portion having 
a surface having a large number of fine irregularities and 
excellent in adhesion can be provided easily, so that separation 
can be prevented from being caused by thermal stress even in 
a high temperature process , Accordingly, there can be provided 
a method for easily manufacturing a highly reliable LED lamp. 
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